Background and objectives There exists gross disparity in national deceased donor kidney transplant availability and practice: waiting times exceed 6 years in some regions, but some patients receive kidneys before they require dialysis. This study aimed to quantify and characterize preemptive deceased donor kidney transplant recipients and compare their outcomes with patients transplanted shortly after dialysis initiation.
Introduction
A careful balance of utility and equity is critical in deceased donor kidney transplantation (DDKT) policy: it is a life-prolonging therapy with varying survival benefits among recipients (1) (2) (3) , and there are longstanding sex, racial, socioeconomic, and geographic differences in DDKT rates (4) (5) (6) . One aspect of DDKT with particularly striking disparities is its timing vis-à-vis dialysis initiation. Despite average national waiting times exceeding 3 years (7, 8) and times to transplantation in some geographic areas exceeding 6 years (9), it is possible for candidates in most regions of the United States to receive DDKT even before requiring maintenance dialysis (10, 11) .
As a general principle (certain regions elect to use slightly divergent organ allocation systems) (12) , the Organ Procurement and Transplantation Network policy mandates that a recovered kidney is first offered to the suitably matched local candidate with the longest waiting time, defined as time since listing for transplant (13) . One national policy circumvents this allocation system: the mandatory sharing of zero-antigen mismatched kidneys. Although the strength of this policy was recently diminished (extraregion sharing is required only to pediatric candidates and adults with plasma reactive antigen [PRA] .20%) (13, 14) , the candidate at the top of the waiting list will still be bypassed if there exists a local candidate with zero-antigen mismatches, regardless of waiting time or dialysis requirement. In this manner, a preemptive candidate-one who has not yet required dialysis-may preferentially receive a kidney over a candidate on dialysis who has been waiting much longer.
Despite the allowance (and sometimes preference) for preemptive DDKT, its relative utility compared with DDKT after a short period on dialysis remains unknown. Kidney transplantation significantly improves life expectancy and reduces costs for dialysis patients (2, 15) , but this improvement has not been shown in predialysis CKD. Although time on dialysis (dialysis vintage) strongly associates with recipient mortality (16) (17) (18) , no study has shown that preemptive DDKT improves on DDKT among those patients with short dialysis vintage. Early preemptive transplantation (an increasingly common practice) (10) may be redundant with residual native kidney function and even hasten native kidney function decline (19, 20) . Preemptive DDKT may, thus, allocate an organ to a candidate who would otherwise remain dialysis-free for years, wasting the limited potential years of allograft function.
Given uncertain utility, the parity of preemptive DDKT must be closely examined. At an individual level, candidates in similar health with similar waiting times may not have similar access to preemptive DDKT: the phenotype of a preemptive DDKT recipient is typically privately insured, Caucasian, and college educated (11) . Area of listing is also important: some regions of the United States allow waiting time accrual only after dialysis is initiated, rendering preemptive DDKT impossible (12) . Finally, the zero-antigen mismatch policy (13, 14) , historically affecting 15% of DDKTs (21) , may preferentially benefit certain ethnic groups. HLA distributions are vastly different in the donor and candidate pools (7), facilitating zero-antigen mismatch transplants primarily among Caucasian recipients and potentially exacerbating racial inequity in DDKT (21) (22) (23) (24) (25) .
In this study, we sought to quantify the practice of preemptive DDKT and determine patient-, center-, and transplant-related factors that characterized these transplants, including the impact of zero-mismatch allocation on racial disparities in transplant timing. In addition, we compared the patient and graft survival of preemptive DDKT recipients with those patients receiving DDKT after relatively short dialysis vintage to get a sense of the effects of restricting organ offers only to those patients on dialysis.
Materials and Methods

Study Population
First-time kidney-only adult DDKT recipients from January 1, 1995 to May 31, 2011 were identified through the Scientific Registry of Transplant Recipients (SRTR) (n=121,853). Recipients were classified as preemptive kidney transplant recipients, early transplant recipients (transplanted with 1 year of dialysis or less), or late transplant recipients (transplanted after more than 1 year of dialysis). This cut point was chosen to minimize bias between the preemptive and early recipient groups, because it is likely that DDKT recipients of longer dialysis vintage are increasingly different in ways that registry data cannot capture. Mortality data were augmented through linkage with the Social Security Death Master File; graft survival data were augmented through linkage with Centers for Medicare and Medicaid Services and the Organ Procurement and Transplantation Network data.
Characterization of Preemptive DDKT Recipients and Their Transplant Centers
Differences in baseline variables by DDKT timing were assessed by t and chi-squared tests for continuous and categorical variables, respectively. Characteristics independently associated with preemptive DDKT were modeled using random effects logistic regression within the entire population (preemptive, early transplant, and late transplant recipients), specifying a random intercept for transplant center. This technique allows the baseline rate of preemptive DDKT to vary by center, reflecting the fact that different centers have different balances of organ supply and demand. Covariates considered for adjustment included all baseline characteristics listed in Table 1 , excluding recipient wait time (because of the high correlation with transplant timing categories). The final model contained characteristics with significant adjusted association (P,0.05) and one donor variable (median candidate waiting time at transplant) included for mechanistic relevance and face validity. The intraclass correlation of latent responses was used to estimate the proportion of variation explained by variation across centers. To test whether racial variations in preemptive DDKT rates were similar by key drivers of preemptive DDKT, the interactions between race, private insurance, and zero-antigen mismatch were tested. Finally, the cumulative distribution of preemptive DDKT was plotted against the cumulative distribution of transplant centers (using a Lorenz curve) (26) to assess whether preemptive DDKT was performed universally or at only a few select centers. This distribution was compared with the Lorenz curve of late transplants (i.e., transplants among recipients who had been on dialysis for more than 1 year).
Outcomes by Transplant Timing
Patient survival (irrespective of graft function) and graft survival (censored at death) were evaluated within preemptive and early postdialysis recipients using multivariate Cox proportional hazards regression, adjusting for all variables included in the model of preemptive transplant timing (except blood type) as well as region. The proportional hazards assumption was evaluated using complementary loglog plots and testing the interaction of transplant timing with year post-transplant. Interactions were tested between transplant timing (preemptive versus early) and recipient age, diabetes, and zero-antigen mismatch kidneys. Because of a significant interaction between age and transplant timing, subgroup analysis was performed.
Sensitivity Analyses
Sensitivity analyses for patient survival models were performed by three distinct methods. First, the Cox analysis was repeated adjusting for variables (and their functional form) included in the SRTR 3-year patient survival models, namely 5 donor factors (age, ethnicity, creatinine, diabetes, and hypertension), 10 recipient factors (age, sex, ethnicity, body mass index, previous transplant, etiology of kidney disease, hepatitis C [HCV] status, history of malignancy, peak PRA, and insurance type), and 8 transplant-related factors (cold ischemia time, whether an organ was pumped, donor after cardiac death, expanded criteria donor, weight ratio of donor to recipient, zero-antigen mismatch transplant, median center waiting time, and transplant year). Second, a propensity score for preemptive transplantation (i.e., modeling the likelihood that a patient with a given set of characteristics would receive a preemptive transplant) was used to match cases (preemptive DDKT recipients) with controls (early postdialysis DDKT recipients). The propensity score was modeled on all variables included in the base model as well as United Network for Organ Sharing region; matching was performed using 1:1 nearest neighbor matching without replacement and a caliper of 0.1. Cox proportional hazards regression was then fit to this population, adjusting for continuous propensity score to mitigate any residual confounding (27) . Third, cases and controls were matched on individual variables with the following specification: exact matches for sex, race/ethnicity, diabetes, HCV status, private insurance, and zero-antigen mismatch status, and iterative, expanding radius matching for donor age, recipient age, transplant year, and waiting time as previously described (28, 29) . The adjusted Cox model was fit on this matched sample as well. All analyses were performed using STATA 12.0/MP (StataCorp, College Station, TX).
Results
Frequency and Characteristics of Preemptive and Early DDKT Of 121,853 first-time adult DDKT recipients, 10,992 (9.0%) received a kidney preemptively, and 14,428 (11.8%) received a kidney early postdialysis (within 1 year of starting dialysis) ( Table 1 ). The relative frequency of preemptive and early transplants varied over the years (Figure 1) . In 1995, 7.3% of all DDKTs were preemptive, and 19.1% were early; in 2010, 9.7% were preemptive, and only 9.4% were early postdialysis transplants. On average, preemptive recipients were slightly older (52.7, 50.6, and 50.9 years in preemptive, early, and late recipients, respectively, P,0.001 for all comparisons) and more often female and Caucasian. More previous recipients of a nonkidney organ transplant underwent DDKT preemptively. Mean waiting time for preemptive transplant recipients was slightly longer than the time among early postdialysis recipients (1.3 versus 0.8 years [P,0.001] among patients who received a transplant), and the median waiting time at the centers where these patients were listed was also longer (3.4 versus 3.2 years [P,0.001] among those patients added to the waiting list). Nearly one fifth of preemptive and early transplants were zero-antigen mismatch (19.0% and 19.2%, respectively) compared with only 10.6% of late transplants. There was little meaningful difference in kidney quality between the preemptive, early transplants, and late transplants in terms of cold ischemia time, expanded criteria donor, and donor after cardiac death.
Independent Associations with Preemptive DDKT
Factors independently associated with preemptive DDKT included more recent transplant year, zero-antigen mismatch, older recipient age, female sex, positive HCV status, non-O blood type, and certain etiologies of ESRD (Table 2 ). In addition, having private insurance was associated with 3.2-fold higher odds of receiving preemptive DDKT (95% confidence interval [CI]=3.01-3.29, P,0.001), and a previous (nonkidney) transplant was associated with 1.9-fold higher odds (95% CI=1.67-2.26, P,0.001). Compared with Caucasians, African Americans had less than one half the odds of preemptive DDKT (adjusted odds ratio [aOR]=0.44, 95% CI=0.41-0.47, P,0.001). The association between positive HCV status and preemptive DDKT (aOR51.31, 95% CI51.20-1.44, P,0.001) was slightly larger when accounting for HCV status of the donor organ (aOR=1.46, 95% CI=1.33-1.60, P,0.001); in other words, HCV-positive recipients of preemptive transplants were less likely to receive an HCV-positive organ than those patients who were first on dialysis (16.2% versus 30.5%, P,0.001).
There was a significant interaction between zero-antigen mismatch transplants and race (P=0.05 for interaction): in Caucasians, zero-antigen mismatch was associated with 1.4-fold higher odds of preemptive DDKT (95% CI=1.35-1.53, Figure 1 . | Deceased donor kidney transplantation in recipients with less than 1 year dialysis vintage, 1995-2010. P,0.001), whereas in African Americans, the association was not seen (aOR=1.15, 95% CI=0.93-1.42, P=0.19). There was also a significant interaction between private insurance and race (P=0.007 for interaction): private insurance was a somewhat weaker predictor of preemptive DDKT in Caucasians (aOR=3.06, 95% CI=2.91-3.21, P,0.001) than African Americans (aOR=3.56, 95% CI=3.22-3.92, P,0.001).
Center Effect in Rates of Preemptive Transplantation
After adjusting for median center waiting time and other donor-, recipient-, and transplant-related factors, variation between transplant centers explained 10.4% of the variation in transplant timing overall. Interestingly, median center waiting time was not associated with preemptive transplantation in adjusted analysis (Table 2) . Compared with late DDKT (i.e., in recipients with dialysis vintage.1 year), preemptive DDKT was slightly more concentrated among fewer transplant centers, although this difference was small (Figure 2 ).
Patient Survival Rates by Transplant Timing
In adjusted analysis, there was little difference between preemptive and early postdialysis transplant timing in terms of patient survival (adjusted hazard ratio [aHR]=1.06, 95% CI=0.99-1.12, P=0.07) ( Table 3) ; both were associated with significantly better survival than late DDKT. The magnitude of this relationship was close to null in all sensitivity analyses (SRTR-adjusted: aHR=1.09, 95% CI=1.03-1.16; propensity score: aHR=1.06, 95% CI=0.99-1.14; matched controls: aHR=1.05, 95% CI=0.97-1.13). The interaction between timing and recipient age was significant (P=0.05 for interaction term): there was no association between transplant timing and mortality among younger recipients (aHR=1.03, 95% CI=0.96-1.10, P=0.50), but there was a slightly higher risk of mortality associated with early postdialysis DDKT among older recipients (aHR=1.19, 95% CI=1.05-1.35, P=0.007).
Graft Survival Rates by Transplant Timing
Adjusted death-censored graft survival rates were worse in early postdialysis DDKT recipients compared with preemptive DDKT recipients, although both preemptive and early DDKT recipients had better graft survival than late DDKT recipients (5-year graft survival: 88.5%, 83.9%, and 81.3% in preemptive, early, and late DDKT recipients, respectively). Compared with preemptive DDKT, early DDKT recipients experienced a 23% higher risk of graft loss (aHR=1.23, 95% CI=1.15-1.32, P,0.001); this association held in all sensitivity analyses except within older DDKT recipients ( Table 3 ). The increased risk of graft loss associated with early DDKT became slightly more pronounced the farther out a recipient was from transplant (P=0.001 for interaction).
Discussion
In this study of DDKT timing in the United States, preemptive DDKT was common (9% of all DDKT), and it was more common among certain recipients (namely, Caucasians with private insurance). Older adults and women were also more likely to receive DDKT preemptively, although measures of association were smaller. Not surprisingly, zero-antigen mismatch was strongly associated with preemptive DDKT; however, this association was limited to Caucasian patients. Center-level factors contributed only marginally to the variation in transplant timing. Recipients of preemptive DDKT had fairly comparable survival with DDKT recipients with short dialysis vintages, but rates of graft loss among preemptive DDKT recipients were higher. Older age significantly modified the association between transplant timing and outcomes, with preemptive recipients ages 65 years and older experiencing slightly higher rates of post-transplant mortality and equivalent rates of graft survival.
The interaction between race and zero-antigen mismatch DDKT in the association with preemptive transplantation is a novel observation. Zero-antigen mismatch organs account for approximately 19% of all preemptive DDKT, and among Caucasians, they confer a 40% higher odds of preemptive transplant timing. Among African Americans, however, there is no significant association. This finding may reflect both the delay that many African Americans experience in being listed for transplant as well as the relative paucity of zero-antigen mismatch transplants among this ethnic group. However, the interaction-and furthermore, the strong main effect of race, even after accounting for factors like age, PRA, and presence of private insurance, similar to those effects reported over a decade ago (11)-raises the specter of continued inequity in DDKT transplantation timing.
Analysis of the estimated utility of preemptive DDKT showed mixed results. Whereas patient survival was fairly comparable between preemptive and early transplant groups (except among those patients$65 years old), preemptive graft survival was slightly better (except among those patients$65 years old). The difference in graft survival, although small (only 7% at 10 years), persisted in most sensitivity analyses and increased over time. It may be that the difference reflects residual native kidney function. Another possibility is that dialysis exposure induces a proinflammatory state, resulting in increased rejection and shorter allograft survival in the nonpreemptive recipient (30, 31) . With both of these explanations, however, one would expect a more pronounced benefit in the early post-transplant period, which was not observed. A possible alternative is that preemptive transplantation is a surrogate for better health care access: better medical insurance facilitates continuous access to immunosuppressive medications and more regular medical follow-up and allows for more timely diagnosis of rejections, drug reactions, and toxicity. This finding is supported by the increased frequency of preemptive DDKT among older recipients who, by the availability of Medicare, have more uniform access to health care. However, one might expect that a surrogate for better health care would also translate to improved patient survival. The differences seen between younger and older patients by transplant timing are worth noting. Older adults had better overall survival but equivalent graft survival after preemptive transplantation. It is possible that any negative physiologic effect of dialysis is greater among older adults, thus favoring preemptive transplantation. However, it is also possible that unmeasured bias increases with age. Older preemptive recipients may be relatively healthier, and the competing risks of death before transplantation are greater, resulting in greater survivor bias.
There are several strengths to this study. It is a large, nationally representative study encompassing over 15 years of follow-up. We used a novel comparison group (recipients transplanted early in their dialysis course), providing a sense of what might happen if candidates were required to wait until dialysis initiation before DDKT eligibility. Finally, we performed multiple sensitivity analyses, including propensity-matched and iterative radius-matched samples, which address treatment selection bias, or the likelihood that recipients of early and preemptive DDKT differ in both observed and unobserved ways related to both their transplant timing and subsequent outcomes.
There are also important limitations, primarily owing to the observational, registry-based nature of this study, and the analyses of patient and graft survival warrant cautious interpretation. Comparisons by transplant timing are fraught with unmeasured confounders: early recipients are not perfect counterfactuals (what would have happened had DDKT been delayed?) for preemptive recipients. Preemptive recipients may have different attitudes to DDKT, affecting compliance with immunosuppression, and they may have different levels of baseline health unmeasured in registry data. The time of origin is transplantation: we do not credit the postdialysis transplant recipients with postdialysis survival until the time of transplant (lead time bias favoring preemptive transplants), and we do not account for candidates who died before transplantation (survival bias favoring postdialysis transplants). Similarly, we cannot know the duration of the preemptive transplant recipient's native kidney function had he or she not received a transplant, thus preventing a comparison from the onset of dialysis requirement.
In summary, we find continued evidence of disparity in DDKT timing. African Americans are much less likely to receive preemptive DDKT than Caucasians, and zeroantigen mismatch sharing seems to exclusively facilitate preemptive DDKT timing among Caucasians. Given the long DDKT wait times and the fairly comparable survival between preemptive and early DDKT recipients, the utility of preemptive transplantation from a societal standpoint may be low. In addition, at the individual level, restricting preemptive DDKT may provide additional impetus for identifying live donors. Continued efforts to ensure the equitable distribution of DDKT, including the timing of DDKT, are needed.
